1
7 Fig. 2a ). Performed interdependencies are tabulated ( Supplementary Fig. 2k ) and summarized in 1 Supplementary Fig. 2l .
2 Subsequent interdependency analyses suggested that bridgin localizes to the kinetochore 3 independent of Dad2 (Dam1C) (Fig. 2c ). On the other hand, bridgin localization at the kinetochore 4 wholly and partially (~65%) depends on Mis12 Mtw1 (Mis12C) (Fig. 2d ) and Sos7(KNL1C) ( Fig. 2e ), 5 respectively. Further, bridgin's kinetochore localization is independent of spindle integrity (Fig. 2f ).
6
The recruitment of bridgin downstream of the KNL1C and Mis12C-Ndc80C platform suggests that 7 there may exist multiple binding sites for bridgin onto the KMN network ( Fig. 2g ).
8
To understand how bridgin dynamics is regulated during cell cycle progression, we analyzed bridgin 9 signal intensities at the kinetochore. Bridgin localized to the kinetochore starting from G2 until 10 telophase/G1 (Fig. 2h-k and Supplementary Fig. 1j ). The signal intensities of bridgin at the 11 kinetochore reached a peak immediately at the onset of anaphase, attaining an average ~150% of 1 protein. bgi1Δ cells exhibited reduced growth rates (Fig. 3a) , and ~20% loss in viability 2 ( Supplementary Fig. 3a ). These mutant cells also displayed a ~90-fold increase in the gross 3 missegregation rate, which may account for the reduced viability in bgi1Δ ( Fig. 3b and Supplementary 4 Fig. 3b ). bgi1Δ defects were complemented by the reintegration of the full-length bridgin gene (Bgi1 FL ) 5 expressed under its native promoter ( Fig. 3b and Supplementary Fig. 3a ). We subsequently examined 6 how bgi1Δ affected cell cycle progression. For this, microscopic markers to determine cell cycle 7 stages previously determined 44, 48 were used and summarized in Supplementary Fig. 3c . While WT 8 cells spent an average of 18 min in M phase, bgi1Δ cells showed a delay in M phase for ~30min (an 9 under-representation since ~10% of cells failed to exit M phase arrest even after >50 min) 10 ( Supplementary Fig. 3d ). Within the M phase, the delay occurred prior to anaphase onset ( Fig. 3c and 11 Supplementary Fig. 4f ). bgi1Δ, when examined by live-cell microscopy, exhibited unattached 12 chromosomes, lagging chromosomes, and micronuclei formation defects, suggesting that inaccurate 13 kinetochore-microtubule attachments occurred (Fig. 3d-f and Supplementary Fig. 3f ). mad2Δ in the 14 background of bgi1Δ alleviated M phase delay ( Fig. 3c and Supplementary Fig. 3f ), but the double 15 mutants were conditionally synthetic lethal upon treatment of the microtubule poison thiabendazole (2 16 μg/ml) or under conditions of spindle insult (14˚C and 37˚C) ( Fig. 3g ). Based on these observations,
17
we conclude that bridgin is essential for accurate kinetochore-microtubule interactions. Absence of 18 bridgin in cells (bgi1Δ) elicit a prolonged SAC response in its absence, to correct for erroneously 19 kinetochore-microtubule attachments.
20
Basic domain of bridgin is dispensable for kinetochore localization but critical for its function 21 We next sought to understand how bridgin carries out its role at the kinetochore. Bridgin has 1295-22 amino acid (aa), in which aa1-124 forms a fork-head associated (FHA) domain (a phosphopeptide 23 recognition domain), aa161-164 creates an unconventional putative PP1 docking site, while the 24 remaining region of the protein is predicted to be largely unstructured (Fig. 4a ). The aa1005-1295 C-25 terminal region is predicted to have a pI of 11.20, and we refer to this region as the basic domain 26 (BD). The unstructured domain (USD) was defined as the region spanning aa125-1004, which was 27 acidic with a pI of 4.65 ( Fig. 4a ) and contained 13 repeats of a bridgin consensus motif 28 ( Supplementary Fig. 4a and Supplementary Table 3 ). Domain deletion constructs were generated as 29 described in Supplementary Fig. 4b , wherein the domain deletion is expressed under its native 30 9 promoter with an N-terminus 3xFLAG-GFP epitope tag. The cassettes were reintegrated into bgi1Δ 1 cells expressing H4-mCherry ( Supplementary Fig. 4b ) to obtain strains expressing truncated bridgin 2 proteins lacking various domains, as mentioned in Fig. 4b . Microscopic estimation of GFP signal 3 intensities of the bridgin derivatives and the Bgi1 FL suggested that the FHA domain (FD) and USD 4 regions were able to localize independently of each other at the kinetochore, albeit to different extents 5 of ~20% and ~40% of the WT level respectively ( Fig. 4c and d ). Localization of Bgi1 BDΔ at the 6 kinetochore was not significantly different from that of WT ( Fig. 4c and d) . Further, lack of kinetochore 7 localization by the BD suggested it was not involved in kinetochore localization of bridgin. Localization 8 analyses using various truncated mutants suggest that bridgin through its FD and USD can make 9 multiple contacts at the kinetochore, consistent with the observation that bridgin is recruited 10 downstream to multiple outer kinetochore KMN proteins ( Fig. 2g ).
11
Subsequently, to define the domains necessary for bridgin function, we scored for complementation of 12 the bgi1Δ phenotype at 37˚C ( used for ease of scoring due to enhancement in the population of M 13 phase delayed cells) ( Fig. 4e ) and cell growth assays under conditions altering microtubule dynamics 14 ( Fig. 4f ). Partial complementation of phenotype was observed for the Bgi1 FDΔ mutant, exhibiting 15 reduced kinetochore localization while retaining the BD. No significant complementation was obtained 16 for any of the other domain deletion constructs including the Bgi1 BDΔ , that localized to the kinetochore 17 similar to Bgi1 FL levels ( Fig. 4e and f). Bgi1 FL was able to suppress bgi1Δ phenotype significantly (Fig. 18 4e and f). Comparable results were observed for the rate of missegregation events at 30˚C 19 ( Supplementary Fig. 4c ), albeit weak complementation was observed for Bgi1 BDΔ . Taken together, all 20 domains, including BD, which is not related to kinetochore localization of bridgin, are critical for the full 21 function of bridgin.
22
The C-terminal basic domain of bridgin interacts with DNA 23 Impact of bridgin on SAC activity ( Supplementary Fig. 4d and e), spindle dynamics (measured at its 24 most dynamic stage, anaphase, Supplementary Fig. 4f ) and gross kinetochore composition 25 ( Supplementary Fig. 4g -j) were tested and found to be unaltered in bgi1Δ. Thus these factors were
10
To address the role of BD towards bridgin function, FLAG affinity purification of Bgi1 FL (using 150 mM 1 KCl and a more stringent condition of 300 mM KCl) and Bgi1 BDΔ (150 mM KCl) was performed and 2 these samples were subject to mass spectrometry analysis ( Fig. 5a , Supplementary Fig. 4k and 3 Supplementary Table 4 ). A comparison of the relative abundance of specific interactors obtained 4 within Bgi1 FL and Bgi1 BDΔ suggested an enrichment of chromatin interacting proteins in Bgi1 FL affinity 5 purification over Bgi1 BDΔ (Fig. 5b top) . While, kinetochore proteins were relatively more abundant as 6 interactors in Bgi1 BDΔ over Bgi1 FL affinity purifications ( Fig. 5b bottom) , with proteins of the KMN 7 network being the top hits ( Fig. 5b and Supplementary Table 4 ).
8
Based on the observation that chromatin interacting proteins are more enriched in the Bgi1 construct 9 containing the BD, Bgi1 FL , we hypothesized that BD might interact with chromatin. Through co-10 immunoprecipitation experiments, histone H4 was found to associate with Bgi1 FL (150 mM) and to a 11 reduced extent with CENP-C Mif2 (Fig. 5c ). No detectable association of histone H4 was obtained with 12 outer kinetochore proteins (Dsn1, Spc25, and Spc34) or Bgi1 BDΔ (Fig. 5c ). These results led us to 13 hypothesize that bridgin-chromatin interaction occurs through Bgi1-BD and not a consequence of 14 bridgin receptor assembly, KMN network, onto centromeric chromatin. We tested the possibility of 15 interaction between bridgin BD with chromatin in vitro by EMSA and found that the BD binds to DNA 16 ( Fig. 5d ) and nucleosomes of varying compositions ( Supplementary Fig. 5a ). Further, these 17 observations indicated to us that the interaction between the BD and DNA/chromatin might be non-18 specific.
19
While we observed non-specific bridgin-chromatin interactions in vitro, we hypothesized that if 20 additional regulators existed in vivo to restrict bridgin BD localization to centromeric chromatin, over-21 expression (OE) of bridgin would not alter its localization ( Supplementary Fig. 5b ). On the contrary,
22
we observed that localization of Bgi1-OE was transformed and overlapped with chromatin marked by 23 histone H4 ( Fig. 5e and Supplementary Fig 5c) , indicating that bridgin can interact with 24 DNA/chromatin non-specifically in vivo as well. Microtubule-like signal or localization of Bgi1-OE 25 outside chromatin, marked by H4, was not observed. Hence, we ruled out the possibility of the outer 26 kinetochore protein bridgin in binding to microtubules. Further, we used the over-expression strategy 27 as an assay to determine the DNA binding ability of bridgin domain deletion mutants in vivo (Fig. 5f ).
28
PCNA was used as a negative control, wherein nuclear-localized but chromatin unbound PCNA pool 29 diffused into the cytoplasm during M phase, on account of semi-open mitosis. While Bgi1 FL -OE localization was observed to overlap with H4-mCherry, Bgi1 BDΔ -OE was restricted to a punctum.
1
Supporting the notion that bridgin localizes to the kinetochore through FD and USD, a punctum for 2 both constructs, Bgi1 FD and Bgi1 USD , were observed. Further, the localization of Bgi1 BD was found to 3 be similar to Bgi1 FL . Thus, these observations suggested that the BD was necessary and adequate to 4 bind chromatin in vivo, and the loss of BD in the over-expression constructs was sufficient to restrict 5 bridgin localization to the kinetochore puncta.
6
Considering bridgin was recruited to the outer kinetochore downstream of the KMN network, it was 7 surprising that bridgin BD binds to chromatin. Further, increased enrichment of DNA from the Bgi1 FL 8 over Bgi1 BDΔ in the native-ChIP suggested that bridgin, through its BD interacts with DNA when 9 kinetochore localized ( Supplementary Fig. 5d ).
10
Basic nature of bridgin BD is vital for its function
11
We show that bridgin loss does not alter previously described chromatin marks of H3K9me2 and CpG 12 methylation at C. neoformans centromeres ( Supplementary Fig. 5 e and f), towards understanding the 13 consequence of bridgin binding to DNA. To summarize our findings, we observe that bridgin localizes 14 to the kinetochore through FD and USD, and its interaction with DNA/chromatin through its BD is 15 essential for its function ( Supplementary Fig. 6a ). However, it is still unclear how BD influences 16 bridgin's function. We hypothesize two possibilities: a) interaction of BD with other proteins at 17 chromatin is essential for bridgin function or b) the ability of BD to interact with DNA is adequate for 18 bridgin's function. To distinguish these possibilities, we performed a domain-swap experiment.
19
Replacing the BD 1005-1295 of bridgin with an amino acid stretch of similar properties (length: ~300aa., 20 unstructured, non-specific DNA binding and a charge of ~pI of 10) found in the basic region (BD) 2937-21 3256 of the human Ki67 gene (Fig. 6a ). Ki67 was previously shown to bind non-specifically to DNA 49 22 and functions as a surfactant by coating chromosomes during mitosis 50 . We confirmed that Ki67 23 BD 2937-3256 binds to DNA non-specifically in C. neoformans using the overexpression assay 24 ( Supplementary Fig. 6b ). Bgi1 FL , Bgi1 BDΔ , and Bgi1 BDΔ +Ki67 BD were expressed under the native 25 bridgin promoter as described for other domain deletion constructs and found to localize to the 26 kinetochore with similar intensities when integrated into a bgi1Δ background strain ( Fig. 6b and c).
27
Weak complementation was observed for Bgi1 BDΔ over bgi1Δ (Fig. 6d ). On the other hand, the 28 Bgi1 BDΔ +Ki67 BD construct was able to complement defects observed in bgi1Δ and the Bgi1 BDΔ 29 mutants. The Bgi1 BDΔ +Ki67 BD phenotype was non-significant from the FL ( Fig. 6d and Supplementary 1 Fig. 6c ). These observations were additionally validated by the spotting growth assay ( Fig. 6e ).
2
While we cannot rule entirely out the contribution of the amino and/or middle region of bridgin towards 3 function, independent of its kinetochore localization capacity. We propose that bridgin ensures 4 accurate kinetochore-microtubule attachments and mitotic fidelity by linking the outer kinetochore to 5 centromeric chromatin, based on the ability of bridgin to simultaneously localize to the outer 6 kinetochore through the KMN network and to bind to DNA (Fig. 6f ).
7

DISCUSSION 8
As a step towards understanding the evolution of kinetochore organization and composition, we 9 chose to study the kinetochore interactome of the human pathogen and a basidiomycete yeast C. 10 neoformans. During the study, we identified a novel outer kinetochore protein, that we termed as 11 bridgin in C. neoformans. Our experiments strongly indicate the absence of most known CCAN 12 proteins, with the exception of CENP-C Mif2 , and presence of all KMN network proteins in this system, 13 validating our bioinformatic prediction. Thus, suggesting a single known linker pathway (CENP-C) 14 from centromeric chromatin to the outer kinetochore, reminiscent of the fruit fly D. melanogaster and 15 the nematode C. elegans like kinetochores 39,51-54 . However, we propose, and as the name suggests, 16 that bridgin functions as a new linker protein, since it binds to the outer kinetochore and centromeric 17 DNA simultaneously, analogous to previously described linker proteins CENP-C Mif2 33,55,56 and CENP-18 T Cnn1 15,40,57 . Presence of multiple kinetochore linker pathways is critical, to varying extents, in 19 overcoming Dsn1 inhibition 29, 30, 32 . Unlike the single linker pathway containing kinetochore such as that 20 of D. melanogaster 52,58 , C. neoformans retains the Dsn1 autoinhibitory domain ( Fig. 1a and 21 Supplementary Fig. 6d ). Although a recent study suggests Nnf1 to be the Dsn1 homolog is D.
22
melanogaster, we were unable to identify the presence of the Dsn1 autoinhibitory domain in the 23 suggested homolog 39 . Through our findings, we propose a role for bridgin towards linking the outer 24 kinetochore by its recruitment and interaction with multiple KMN network proteins and DNA thereby 25 promoting accurate kinetochore-microtubule attachments in C. neoformans (Fig. 6f ).
26
An inability of the BD to localize specifically to the kinetochore and non-reliance of bridgin on 27 sequence specificity for BD function endorses the hypothesis that binding of bridgin BD to DNA is a 28 consequence of specific kinetochore recruitment ( Fig. 6f ). Rather unique to bridgin as a linker protein 29 13 is the fact that its kinetochore localization is dependent on conserved KMN network proteins, Sos7 1 (KNL1C), and the Mis12C-Ndc80C platform ( Fig. 2d , e, and g). CENP-T homologs require other 2 CCAN proteins for its kinetochore localization 29,59,60 and binds non-specifically to DNA in vitro. CENP-3 T Cnn1 was shown to increase the stability of a mini-chromosome possibly due to its ability to recruit the 4 Ndc80C as suggested in a recent study 29, 40 , while CENP-T in metazoans was shown to recruit the 5 KMN network when ectopically tethered 30,32,61 . Bridgin does not appear to influence the recruitment of 6 outer kinetochore proteins , further supported by the lack of Ndc80 7 mislocalization upon recruitment of bridgin to ectopic sites ( Fig. 5e and Supplementary Fig. 5c ).
8
Bridgin levels at the kinetochore reach a peak at anaphase ( Fig. 2i and l) , a time when Aurora B Ipl1 -9 mediated phosphorylation is suggested to be countered by phosphatase activity (Fig. 6f ). The sharp 10 reduction of AuroraB Ipl1 localization at anaphase kinetochores 48 and essentiality of amino-terminus of 11 CENP-C Mif2 ( Supplementary Fig. 6e and data not shown) are observed in C. neoformans. Taken 12 together, we propose that the kinetochore architecture alters during the metaphase-anaphase 13 transition and the bridgin linker pathway functions to reinforce/stabilize the outer kinetochore. Thus, 14 an important question we must address in future is whether the presence of Dsn1 autoinhibition can 15 provide a constraint driving evolution/maintenance of multiple outer kinetochore linker pathways 16 required for outer kinetochore reinforcement in organisms with monocentric chromosomes.
17
Outer kinetochore proteins are found to be more conserved than their inner kinetochore counterparts, 18 including linker proteins, across eukaryotes 39,42 ( Fig. 1a ). Thus, additional KMN recruited linker 19 pathways like the bridgin-pathway may provide cells with an effective alternative towards outer 20 kinetochore reinforcement. Bridgin homologs are identified across all basidiomycete sub-phylum ( Fig.   21 6f and Supplementary Table 5 ). Strikingly, an inability to identify bridgin homologs is specific orders 22 correlates with the presence of multiple known linker pathways (Fig. 6g ). It would be worth 23 investigating whether the presence of multiple linker pathways may have allowed for flexibility in the 24 retention of specific linker pathways in basidiomycetes. Genome sequencing of a greater number of 25 distinct basidiomycetes would help address the correlation. It would be intriguing to recognize the 26 contribution of the multiple linker pathways in organisms like U. maydis which retained CENP-T,
27
CENP-C in addition to bridgin.
28
The identification of bridgin homologs in the basal ascomycetes of the class Pneumocystidales, such 29 as in Pneumocystis jirovecii (causative organism of pneumonia), and Taphrinales, and further, 30 14 identification of bridgin-like proteins outside fungi may suggest a more ancient origin of this class of 1 kinetochore proteins containing a FHA domain ( Supplementary Fig. 6f ). In metazoans, the identified 2 proteins with bridgin-like architecture (an amino-terminal FHA domain followed by a PP1 docking site, 3 an unstructured central region containing repeats and a basic carboxy-terminus, Supplementary Fig.   4 6f) was found to code for Ki67, a component of the mitotic chromosome periphery 50,62 . The role of 5 bridgin-like proteins outside Metazoa is not known.
6 Future experiments will have to reveal how bridgin's kinetochore recruitment and DNA/chromatin 7 binding is regulated and the extent of its ability to bear load at the kinetochore. Furthermore, towards 8 understanding bridgin biology, addressing if bridgin has additional functions at the kinetochore, for 9 example, through PP1 recruitment is essential. We also are looking forward to screening other hits 10 obtained as part of the C. neoformans kinetochore interactome. We hope further studies on non-11 conventional model systems like C. neoformans will help reveal conserved fundamental principles of 12 the kinetochore architecture and its organization.
13
ONLINE METHODS 14
Homolog detection
15
All searches were carried out in the NCBI non-redundant protein database or the UniProtKB.
16
Searches for kinetochore homologs were initially carried out using iterative HMMER 63 jackhammer 17 searches (E-value ≤ 10 -3 ) with Pfam models for the mentioned kinetochore proteins. When available 18 models of both yeast and metazoan kinetochore homologs were considered. Obtained hits were 19 validated by performing reciprocal HMMER searches. Secondary structure of obtained hits was 20 validated using Jpred4 and tertiary structure prediction using HHpred 64 and/or Phyre2 65 . Protein 21 sequences which were unable to produce hits upon reciprocal searches or failed to conform to 22 expected secondary and tertiary structures were discarded. Further searches were performed with the 23 same criteria using identified homologs phylogenetically closest to the species in question. Species 24 considered in the study are mentioned in Supplementary Table 1 , when homologs were not identified 25 from a specific strain, an obtained homolog from another strain of the same species was considered.
26
If multiple splice variants were identified the longest splice variant was mentioned. Obtained hits when 27 possible was validated with the identified homologs from C. neoformans. Known kinetochore 28 15 homologs from S. cerevisiae, S. pombe, D. melanogaster, and H. sapiens were used to draw the 1 matrix of kinetochore homologs.
2 Towards identifying homologs of bridgin, the conserved FHA domain was taken as the bait for 3 subsequent iterative HMMER jackhammer searches. Obtained hits were further screened for overall 4 protein architecture (amino-terminus FHA domain, an unstructured central region and a basic 5 carboxy-terminus, Supplementary Fig. 6f ). Probability of protein disorder was predicted using 6 IUPred2A 66 and pI of the amino acid residues was predicted using ProtParam 67 . Amongst 7 pucciniomycetes, Exidia glandulosa and Sistotremastrum suecicum the basic C-terminus is ~150 aa. 
12
Yeast strains and plasmids.
13
A list of strains and plasmids used in the study can be found in Supplementary Table 6 . Primers used 14 to generate the constructs are mentioned in Supplementary Table 7 .
15
Conditional kinetochore mutant strains were grown on 1 % yeast extract, 2 % peptone, and 2 % 16 galactose (YPG). All other strains were grown in 1 % yeast extract, 2 % peptone, and 2 % dextrose 17 (YPD) at 30˚C, 180 rpm unless mentioned otherwise. Strains were maintained on YPD/YPG solidified 18 with 2% agar and stored at 4˚C or -80˚C in 15% glycerol. Yeast strains are based on the haploid type 19 strain H99α or KN99a and generated by the standard procedure as previously described 44 . In brief, 20 created native tagging and Gal7 promoter replacement cassettes were excised from the plasmid 21 construct, over-expression cassettes were linearized by appropriate restriction enzymes, and deletion 22 cassettes were generated by overlap PCR and transformed into C. neoformans strains of appropriate 23 background by biolistic transformation 72 . Transformed cells were selected on drug selection in YPG 24 for Gal7 promoter 73 replacement strains to generate conditional mutants and YPD for all other strains.
25
Protein affinity purification and native chromatin immunoprecipitation.
26
An overnight culture was inoculated at 0.1 OD600 into fresh YPD. Grown until ~0.7 OD600 and treated 27 with 10 μg/ml of thiabendazole (TBZ) for 3 h. Cells were harvest, washed once in water followed by 
15
Affinity purification samples that were processed subsequently for mass spectrometry was started 16 from a 2.25 L culture, yielding ~4500 OD600 cells. 300 mM KCl, where mentioned in experiments was 17 used throughout the affinity purification experiment as part of the binding buffer yielding BB300.
18
For GFP affinity purification, GFP-Trap agarose beads (ChromoTek) were used. Bound proteins were 19 eluted by boiling the beads for 10 min in 1x sample loading buffer (50 mM Tris-HCl pH 6.8, 2% SDS, 20 0.05% bromophenol blue, 10% glycerol, 5% 2-Metcaptoethanol) and the supernatant was collected.
21
Other steps of the affinity purification protocol were kept the same as mentioned above.
22
For native-ChiP, lysate preparation, affinity purification, and isolation of the bound proteins were as 23 mentioned above. DNA from the elute and input sample was extracted using MagExtractor clean-up 24 kit (TOYOBO). PCR for the identical dilution of input and IP was set-up using centromere 14 primers 25 (5'-GGTGATGCTACCTCGGT-3' and 5'-CCCGACGACTGTATCAGTTA-3') and non-centromere 26 control primers (5'-GATCAAGTATAGGCGAAGG-3' and 5'-CATCTCTTATTCCCACTTCTACTC-3') 27 located on the gene body of CNAG_00063, located ~825 kb away from the centromere on 28 chromosome 1 (Fig. 2a ).
Immunoblot analysis.
1 For whole-cell lysates, 3 OD600 cells were harvested and resuspended in 15% TCA overnight. 500 μl 2 0.5 mm glass beads were added, and samples were vortexed for a total time of 15min, with 3 intermittent cooling on ice. Centrifuged at 13k rpm for 10 min and the obtained pellet was washed 4 twice with 100% acetone, air-dried and resuspended in 1x sample loading buffer and boiled for 10min.
5
Samples were separated on an SDS-PAGE and transferred to Immobilon-P (Merck).
6
For Supplementary Fig. 1c and 5b and e, primary antibody and secondary antibody dilutions were 7 made in skim milk. Proteins bound by antibodies were detected with Clarity western ECL (BioRad) 8 and visualized with Versadoc (BioRad). For Figure 5c and Supplementary Fig. 1a and 4k, primary and 9 secondary antibody dilution were prepared in Signal Enhancer Hikari (Nacalai tesque). ChemiDoc 10 Touch (Bio-Rad) was used to visualize proteins reacting with antibody in the presence of the 11 substrate ECL Prime (GE Healthcare). ImageJ 74,75 and Image lab (BioRad) was used to visualize and 12 process images. Antibodies used are tabulated in Supplementary Table 8 . 
21
(oxidation) and +42 on Peptide amino-terminus (Acetyl) and allowing for a maximum of 2 missed 22 cleavages for CENP-C Mif2 , Dsn1 and Spc25 and 3 missed cleavages for bridgin samples. The 23 obtained results were visualized using Scaffold 4.8.9 (Proteome Software). A minimum threshold for 24 peptide (95%), and protein (99%) in addition to the identification of a minimum of two unique peptides 25 were considered as hits after normalization with untagged control spectra. Identified protein hits from 26 CENP-C Mif2 , Dsn1, Spc25, and their untagged controls can be found in Supplementary Table 2 
4
ChIP assays were performed with some modification of previously described protocols 78,79 . In brief, 5 100 ml of Bgi1-GFP strain was grown until ~1 OD600. Cross-linking was performed for 20min using 6 formaldehyde to a final concentration of 1% and incubated at RT with intermittent mixing. The reaction 7 was quenched by the addition of 2.5M glycine and further incubated for 5 min. Fixed cells were 8 harvested by centrifugation and resuspended in 9.5 ml of deionized water, followed by the addition of 9 0.5 ml of 2-Mercaptoethanol and incubated at 30˚C for 60 min at 180 rpm. Cells were pelleted and 10 resuspended in 10 ml spheroplasting buffer (1 M sorbitol, 0.1 M sodium citrate, and 0.01 M EDTA) 11 containing 40 mg of lysing enzyme from Trichoderma harzianum (Sigma). Spheroplasts were washed 12 once with 15 ml each of the following buffers, 1) 1x PBS 2) Buffer I (0.25% Triton X-100, 10 mM 13 EDTA, 0.5 mM EGTA, 10 mM Na-HEPES pH 6.5) and 3) Buffer II (200 mM NaCl, 1 mM EDTA, 0.5 14 mM EGTA, 10 mM Na-HEPES pH 6.5). Following which the spheroplasts were resuspended in 1 ml 
25
Bound chromatin was eluted in two 250 μl elution using elution buffer. All three fractions (SM, (+Ab) 26 and (-Ab)) were de-crosslinked (mixed with 20 μl of 5 M NaCl and incubated at 65˚C for 8 h to 27 overnight), Proteinase K treated (10 μl of 0.5M EDTA, 20 μl of 1 M Tris-HCl pH 6.8, 40 mg Proteinase
28
K was added to the solution and incubated for up to 2 h at 45˚C) and DNA was isolated using phenol: 29 19 chloroform extraction followed by ethanol precipitation. Isolated DNA was air-dried and dissolved in 1 25 μl of de-ionized water containing 25 μg/ml of RNase (Sigma). 
11
Fluorescence microscopy and analysis.
12
Overnight cultures grown in YPD were sub-cultured into fresh YPD at 0.1 OD600 and grown until 0.4-13 0.6 OD600. Cells were isolated, washed twice in 1x PBS and mounted on slides. Images for 14 Supplementary Fig. 1g (CNAG_01340) were acquired using the Airyscan mode in the Zeiss LSM 880 15 confocal system equipped with an Airyscan module, 63x Plan Apochromat 1.4 NA. Z-stacks were 16 obtained at an interval of 166 nm, 488/516 and 561/595 nm excitation/emission wavelengths were 17 used GFP and mCherry respectively. Airyscan images were processed using Zen (Zeiss) and 18 visualized in ImageJ 74,75 . Images for Figure 1f and Supplementary Fig. 1g and d were acquired in the 19 Zeiss LSM 880 confocal system equipped with GaAsp photodetectors. Z-stacks were obtained at an 20 interval of 300 nm, 488 nm and 561 nm excitation was used for GFP and mCherry respectively and emission was captured at 501-547 nm and 617-758 nm. To limit the time taken for an image, a 1 complete Z-stack was obtained for each channel before switching.
2
For live-cell microscopy, an overnight culture was grown in YPD was sub-cultured into fresh YPD at 3 ~0.1 OD600 and grown for 2-3 generations until 0.4-0.8 OD600. Cells were harvested, washed in 1x 4 PBS and resuspended in synthetic complete media with 3% dextrose. Cells were mounted onto an 5 agarose pad (3% dextrose, 3% agarose in synthetic complete media) and sealed with petroleum jelly.
6
Images were captured at time intervals of 0.5,1, 2 or 4 min, as appropriate, with an EM gain of 300 7 and Z interval of 300 nm. Z-stack projection of images are represented.
8
To study kinetochore interdependency, conditional strains were grown overnight in YPG, sub-cultured 9 at 0.2 OD600 and grown until 0.8-1 OD600. Cells were washed and resuspended in 1x PBS. Following 10 which cells were inoculated into YPD (repressive) and YPG (permissive) at 0.1 OD600. Images were 11 acquired after 6, 12, 15, 18, 9 and 18 h for CENP-C Mif2 , Mis12 Mtw1 , Nuf2, Knl1 Spc105 , Dad1, and Dad2 12 respectively. Z-stack was obtained at an interval of 300 nm. Single Z slice representing the maximum 13 intensity of the tagged kinetochore proteins was represented. Quantitation of kinetochore signal was 14 performed from large budded cells (budding index ~0.55-0.90).
15
To estimate the population of large-bud and cells with segregation defects, cells were grown until 16 early-log phase 0.8-1 OD600 after sub-culture from an overnight culture. Imaged using the above 17 mentioned sCMOS camera with a Z-interval of 300 nm. Cells with a budding index of >0.55 were 18 considered as large bud cells in mitosis. Chromatin marked with a tagged H4 construct was used to 19 observe missegregation events.
20
Images for the over-expression assay of bridgin stains are representative maximum intensity 21 projection images.
22
For live-cell quantitation of kinetochore signal, signal intensity was measured after the projection of Z-23 stacks. Kinetochore signal measurement in interdependency assays and bgi1Δ background were 24 measured from the in-focus Z plane exhibiting the most intense signal. Background signal measured 25 from a region neighboring the kinetochore measured signal in the same plane of the equal area was 26 subtracted from the measured kinetochore intensity and normalized to the appropriate control and plot 27 using GraphPad Prism 5.00 (GraphPad software). All acquired images were processed in ImageJ 74,75 .
28
For images wherein, brightness and contrast are modified the settings were applied uniformly across 1 the entire image. An overnight culture was inoculated into fresh YPD medium at 0.1 OD600 and grown to ~0.8 OD600.
1
The cell number was measured, followed by dilution of the cell suspension. 100-500 cells were 2 subsequently plated on YPD solidified using 2% agar and grown for 2 days at 30˚C. The number of 3 colonies formed was measured and plot as normalized values to the WT strain.
4
Serial dilution growth analysis.
5
Cells were grown overnight, inoculated into fresh YPD at 0.2 OD600 and grown until 0.8-1 OD600.
6
Following which cells were isolated and made up to 2 OD/ml in 1x PBS. Further dilutions were made 7 as indicated in 1x PBS. 2 μl of the cell suspension was transferred onto appropriate agar plates as 8 mentioned and incubated for 2 days for 30˚C and 30˚C + TBZ control and 2 μg/ml TBZ, 3 days for 9 30˚C + 4 μg/ml TBZ and 37˚C and 7 days for 14˚C.
10
Electrophoretic mobility shift assays.
11
Purified recombinant proteins of mentioned molar ratio were incubated with 601 DNA (2.5 pMoles) or 12 1 pMole of reconstituted nucleosomes in binding buffer (20 mM Tris pH 7.5, 100 mM NaCl, 5% 13 glycerol and 1 mM DTT). Incubated for 1 h at 4˚C and separated on a PAGE gel, stained with GelRed 14 and visualized using a gel documentation system. Further, the gels were stained with Coomassie to 15 visualize the protein complexes and imaged using a scanner.
16
Estimation of DNA methylation.
17
Genomic DNA was isolated from overnight cultures of WT and bgi1Δ, using a modified glass bead 18 protocol 73 . In brief, cells were suspended in a microfuge tube containing 500 μl of lysis buffer (50 mM
19
Tris-HCl pH 7.5, 20 mM EDTA and 1% SDS) and 250 μl of glass beads. Cells were disrupted by 20 vortexing for 5 min and centrifuged for 1 min at 13k rpm. To the supernatant 275 μl of 7 M ammonium 21 acetate was added and incubated at 65˚C for 5 min and rapidly chilled on ice for 5 min. 500μl of 22 chloroform was added, mixed and centrifuged at 13k rpm for 3 min. The supernatant, containing DNA 23 was precipitated with isopropanol, washed with 70% ethanol, dried and resuspended in 50 μl 24 deionized water.
25
The isolated genomic DNA was digested separately with CpG methylation-sensitive (HhaI) or 
